ABSTRACT YALL, IRVING (University of Arizona, Tucson, Ariz.). Biosynthesis of S-adenosylmethionine by Saccharomyces cerevisiae. I. Adenine and methionine requirements. J. Bacteriol. 83:1336Bacteriol. 83: -1340 1962.-Both a parent strain and an adenineless mutant strain of Saccharomyces cerevisiae accumulated S-adenosylmethionine (AM) in the presence of "excess" L-methionine (400 ,umoles/100 ml of medium). Relatively small amounts of AM were found when the organisms were grown in the absence of methionine, in the presence of "normal" amounts of L-methionine (3.35 ,moles/100 ml of medium), or in the presence of 400 inmoles of D-methionine. Adenine and hypoxanthine were equally effective in promoting cell growth and AM production in the mutant. S-adenosylmethionine permitted some cell growth. Other purines (guanine and xanthine) and nucleosides such as adenosine and methylthioadenosine did not serve as growth factors. The cell permeability to adenosine was tested by growing the parent strain in the presence of adenosine-8-C14 and the mutant in adenine and the labeled nucleoside. Both of these experiments were performed in the absence and presence of "excess" L-methionine.
medium), or in the presence of 400 inmoles of D-methionine. Adenine and hypoxanthine were equally effective in promoting cell growth and AM production in the mutant. S-adenosylmethionine permitted some cell growth. Other purines (guanine and xanthine) and nucleosides such as adenosine and methylthioadenosine did not serve as growth factors. The cell permeability to adenosine was tested by growing the parent strain in the presence of adenosine-8-C14 and the mutant in adenine and the labeled nucleoside. Both of these experiments were performed in the absence and presence of "excess" L-methionine.
Under all conditions, more than 25% of the radioactivity introduced as adenosine-8-C04 was found in the cells. About 40% of the radioactivity taken up by the mutant cells in the preseene of "excess" L-methionine was fixed in AM. Adenine-8-C14 was readily taken up by cells of both strains when grown in the absence and presence of "excess" L-methionine. About 17% of the radioactivity taken up by the mutant cells in the presence of "excess" L-methionine was found in the AM fraction. Cantoni (1953) described a sulfonium cation, formed in rat liver by the condensation of adenosine triphosphate (ATP) with L-methionine, that mediated the transfer of methyl groups from methionine to other compounds. This compound was given the name of S-adenosylmethionine (AM). Schlenk and DePalma (1957a) reported that AM was synthesized in good yield by various common yeasts, such as Torulopsis utilis and Saccharomyces cerevisiae, under growing or resting cell conditions, in the presence of relatively large quantities of methionine.
The aim of the work reported in this paper was to determine the requirements for synthesis of the thionium compound by a strain of S. cerevisiae (SC-10) that accumulates AM in fairly good yield. The limiting factors involved in the synthesis were tested by the use of a mutant strain (SC-10-80-3-5) that could produce AM but required the addition of adenine or hypoxanthine to the medium for growth.
MATERIALS AND METHODS
The organisms employed were an adenine-or hypoxanthine-requiring pink mutant and the corresponding parent strain (SC-10) of S. cerevisiae (kindly furnished by F. P. Hungate, General Electric Co., Richland, Wash.). The inoculum was prepared by growing the yeasts on a rotary shaker for 24 hr at 25 C in 100 ml of a complete, synthetic medium (Roman, 1956 ) contained in 500-ml Erlenmeyer flasks. The cells were harvested by centrifugation, washed twice with sterile isotonic saline, and resuspended in saline. The suspensions were used to inoculate 100 ml of the synthetic medium (made up without adenine or methionine) contained in 500-ml Erlenmeyer flasks. The growth factor to be tested and the requisite amount of methionine were 1336 on November 13, 2017 by guest http://jb.asm.org/ Downloaded from added aseptically. The cells were grown in this medium at 25 to 30 C for 40 hr with shaking, and harvested by centrifugation. The yield of cells was measured by dry weight determination of samples, using fritted-glass filters of VF porosity heated to constant weight. The AM was extracted from the cells by treatment with four volumes of 1.5 N perchloric acid in the cold for 12 hr, followed by centrifugation. The AM was assayed by the Dowex 50 method of Schlenk and DePalma (1957b) . The reversion of the mutant was quite low; no growth was observed in flasks of synthetic medium without either adenine or hypoxanthine after 7 days of incubation at 25 C.
Radioactivity fixed by the cells and in AM was determined after conversion to CO2 in the apparatus described by Stutz and Burris (1951) The mutant strain showed some inhibition o growth with quantities of L-methionine abovl the "normal." Amounts of 100 ,umoles or more o the L-amino acid stimulated production of AM. Table 2 shows the effect of various supple ments on growth and AM production of th( mutant strain. Adenine and hypoxanthine appea to be equally effective in both respects. AM war the only other compound that would supporl some growth. That hypoxanthine was used foi the production of AM was shown by the ultraviolet-absorption spectrum of the isolated compound (maximum at 258 m,u in 1 N HCl). Chro- matography of the intact compound and its degradation products (MTA and homoserine) confirmed its identity with AM (Schlenk and DePalma, 1957a) . Figure 1 shows the effect of adenine, ranging from 1 to 10 ,moles per 100 ml of medium, on growth and on AM production of the organism. It appears that, within the range of adenine concentrations tried, no minimal amount of adenine is needed for AM production when an excess of L-methionine is present. If there is sufficient adenine to support growth, some of it is diverted to the synthesis of AM. In view of the possibility that adenosine might not enter the cell in sufficient quantity to allow growth to take place, studies were made to determine whether adenosine-8-C'4 (at the level of 10 ,umoles per 100 ml of medium) was capable of penetrating into the cells of the parent strain during growth or the mutant strain in the presence of adenine (Table 3) . More than 25% of the adenosine-8-C'4 originally introduced disappeared from the medium after 40 hr of cell growth of both the parent and mutant strains. No loss in radioactivity from the cells was noted after washing four times in distilled water. Almost half t The first figure in parentheses (in some cases, the only figure) refers to the quantity added (Amoles); the second figure indicates the radioactivity (count/min).
of the radioactivity taken up by the mutant strain in the presence of "excess" L-methionine was fixed in AM. Table 3 also shows that adenine-8-C'4 is readily taken up by both strains. About 17% of the adenine radioactivity taken up by the mutant in the presence of "excess" L-methionine was fixed in AM. Although more than 96% of the adenine-8-C14 activity introduced was found in the cells of the parent strain, only about 2% of this was found in AM in the presence of 400 ,umoles of L-methionine. Only traces of radioactivity were found in the AM fraction when both strains were grown in the absence of the amino acid.
DISCUSSION
The fact that neither guanine nor xanthine could substitute for adenine or hypoxanthine as growth factors for the mutant strain indicates the absence of either the forward purine-transformation reaction involving the conversion of inosine monophosphate via xanthosine monophosphate to form guanosine monophosphate, or the reverse (Abrams and Bentley, 1955; Gehrig and Magasanik, 1955) . Unpublished data of the author indicate that the latter premise holds true for at least the mutant strain.
The ability of AM to serve as a growth factor may indicate the presence of an enzyme system capable of splitting the adenine-ribose linkage in the AM molecule to yield adenine and S-ribosylmethionine. The mutant organisms could not use adenosine or MTA for growth. Parks and Schlenk (1958) found that AM at a pH of approximately 9 will split readily to form adenine and S-ribosylmethionine, but MTA and similar compounds will not. Sufficient adenosine-8-C'4 entered the cells of the mutant strain to show a
